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Introd uction
Forested catchments provide multiple
goods and se~ices, .~any of -:vhichare
joint-produ~tlon actIvlt.les. JOI~t-
production IScharactensed by Inter-
dependency whereby one use can im-
pose externalities upon others. With
growing demand for both water and
timber, and the potential adverse im-
pacts of logging on the hydrological
attributes of forested catchments, forest
managers are paying increasing atten-
tion to an integrated water and timber
production objective. To assist forest
managers, improved methods are
needed to evaluate watershed protec-
tion benefits in specific sites and to
assess the economic trade-offs between
timber production and watershed pro-
tection objectives. Ultimately, new
forest management systems that inte-
grate timber production.' w~tershe.d
protection and other objectives will be
required.
A fundamental question is how to as-
sess the potential physical impacts of
timber production on reservoir man-
agement and downstream activities.
Further, there is a need to value and
compare the intangible and non-priced
benefits of forested catchment protec-
tion to the tangible economic benefits
of timber production. This need must
be addressed since policy makers in
developing countries, like Malaysia,
require estimates in monetary terms to
help them make decisions on lan~ use
options. To ensure a comprehensive
assessment of all the costs and benefits
of different forest land use options and
to achieve sustainable forest manage-
ment, an integrated and multi-
disciplinary research amongst the hy-
drologists, foresters and natural re-
source economists is necess~. !he
objectives of the study are (I) to Iden-
tify the stakeholders or users of the
forested catchments, (ii) to model
sediment yield in forested catchments
under total protection and alternative
land use options and, (iii) to value the
benefits and costs of managing forested
catchments under protection and alter-
native land use options, and (iv) to
determine the trade-offs between these
different land use options
Materials and Methods
The theory of joint production between
water and timber production in forested
catchment adapted from Aylward et al.
(forthcoming), Beattie et al. and Taylor
(1985) and Maler et al. (1994) have
been used that relate the production of
timber and water related production
with the environment as an input. The
economic framework of formalising
the potentiality for joint-production or
multiple uses in forested catchment is a
comparative assessment of the land use
options. The most commonly used
assessment method is Benefit-Cost
Analysis (BCA) in which all costs and
benefits of the options are specified in
monetary terms and the net present
values (NPV) of each land use option
computed. The principles of accounting
these costs and benefits have some
similarities to that of Reyes et al. and
Mendoza (1983), Cruz et al. (1988),
and Aylward et al.(l995).
The valuation aspect of the study in-
volves two levels; (i) enumerating the
physical impacts of logging, and (ii)
conducting a valuation of these physi-
cal impacts. The study site selected is
the Hulu Langat Forest Reserve
(HLFR), located in the State of Selan-
gor, Malaysia. Quantitative estimates
of the hydrological impacts can be
obtained by transferring the existing
data from nearby sites particularly from
(Lai et al. 1992 and Low et al. 1971).
The soil erosion and sedimentation
from status quo no logging and two
logging options (total protection (TP),
conventional logging (CL) and reduced
impact logging (RIL) were computed
and their physical impacts upon down-
stream users particularly hydro-electric
power generators and water treatment
plants were determined. !nfonnation on
impacts on timber harvests, and pro-
duction of treated water and HEP have
to be computed by relying on field
surveys These physical impacts were
monetised using economic valuation
techniques, in particular the change in
productivity approach.
Results and Discussion
Based on the benefit cost analysis
framework described earlier, the NPVs
of the two logging options are com-
pared to the base case situation of total
catchment protection. Overall, it is
observed that logging resulted in higher
net present values than the base case
situation of catchment protection only
under the R!L option. It can be sug-
gested that the status quo use of the
catchment as a protected reserve is a
less efficient land use option than per-
mitting timber harvesting. The R!L
option is superior with 8.1% higher
returns than the CP option. Apparently
the combined net values of the joint
production between timber and water
uses can match the net values derived
from the catchments when solely pro-
tected as raw water supplier for treated
water and HEP production opportuni-
ties. But the added timber returns from
increasing logging area under CL could
not outweigh the net benefits from
these water uses. There is little advan-
tage in allowing conventional logging
when downstream users have to bear
losses arising from increased sedimen-
tation. This observation is obtained
when conducting an overall evaluation
between the land use options of timber
versus water without looking at indi-
vidual contribution by each water use
activity. What has happened was that
the incremental net benefit gain in
three of the compartments is high
enough to outweigh the net benefit loss
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in the fourth compartment for the RIL
option while not for the CL option.
This has provided the misleading con-
clusion that RIL option is an efficient
land use in the forested catchments.
One is left to ponder on the appropriate
trade-off decision. Whether it is a deci-
sion to allow only RIL in all the
catchments or to permit logging, even
under the conventional method, in HEP
catchments only and not in the catch-
ment functioning as a water impound-
ment for the water treatment plant.
Water serves different purposes for the
water treatment and HEP plants. The
water treatment plant requires quantity
and quality water since they produce
treated water for consumptive pur-
poses. The cost of treating raw water
by the treatment plant is dependent on
sediment concentration. Whereas the
HEP plants need continuous water flow
to tum the turbines with water quality,
in terms of sediment concentration, not
being critical as long as the sediments
are trapped in the intake ponds prior to
flowing into in-feed pipes.
The compartment level analysis has
helped us identify that the central issue
of joint productions in forested catch-
ment. The issue is not the selection
between logging methods to adopt but
rather which water use can be com-
bined or is compatible with timber
production that can generate greater
NPV than the status quo CP option.
Under both logging methods, the re-
turns from timber cannot meet that
from the status quo production of
treated water. It can be concluded that
if joint production involving timber and
the two water uses is to be permitted, it
can only be done in HEP catchments.
The efficient choice between the two
logging methods is the RIL option
owing to the higher returns and the
lower externality imposed upon the
status quo water users.
It should be noted too that the above
finding is obtained without incorpo-
rating the tangible benefits from sus-
tainable harvesting of non-wood com-
modities and the intangible benefits
from bio-diversity conservation, carbon
sequestration and aesthetic values,
which are more likely to be greater in a
CP option. Thus, as much as the find-
ing indicates the superiority of logging
in forested HEP catchment, it is not a
blanket support. Not until impacts on
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these other attributes are incorporated
in the study.
Conclusions
In this study, the trade-offs between
three land use options in forested
catchments are evaluated. Although
forested catchments provide natural
resource commodities, bio-diversity
conservation, and environmental serv-
ices, only two tangible goods are con-
sidered in this study: timber and water.
Thus, the outcome of this study is con-
ditionally qualified and due considera-
tion be given on the net change in val-
ues of the other attributes of the catch-
ment under the various land use
options.
Analysis at the compartment level sug-
gests that the central issue of joint pro-
duction in forested catchment is not the
selection between logging methods to
adopt but rather which water use can be
combined with timber production that
can generate greater NPV than the
status quo CP option. The returns from
timber cannot meet that from the status
quo production of treated water under
both logging methods. But, comple-
menting water uses with logging in
forested catchments is efficient in HEP
catchments. The efficient choice be-
tween the two logging methods is the
RIL option owing to the higher returns
and the lower externality imposed
upon the status quo water users. Nev-
ertheless, the RIL option still generates
sediment load, which imposes substan-
tial external costs on the downstream
water users.
Benefits from the study
Research findings on economic trade-
offs between alternative land uses of
forested catchments.
Capacity building for interested re-
searchers and government officers in
the area of economic valuation appli-
cations. Serve as resource person in
several training workshops on eco-
nomic valuation sponsored by
DANCED, WWF and UNEP/ MA-
TREM.
The study also accounted for several
publications of research findings, pres-
entations at national and international
conferences, articles in academic Jour-
nals, and in addition benefited two
postgraduates.
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